T
HE inferiority of Colombian floury-2 corn to Colombian opaque-2 corn as the only energy-protein source for growing rats and swine has been reported (Maner et al., 1971) . Cromwell et al. (1968) showed that floury-2 corn is superior to opaque-2 corn for growth of chicks because of the methionine deficiency of opaque-2 corn relative to the chick's methionine requirement. The pig and rat have lower sulfur amino acid requirements than the chick and, therefore, would not be expected to respond to methionine supplementation of floury-2 or opaque-2 corn. Oestemer et al. (1970) and Gallo, Maner and Jimenez (1970a) found no response to methionine supplementation of opaque-2 and Colombian opaque-2 corns for pigs, respectively.
The opaque-2 mutant gene was incorporated into indigenous Colombian corn at Insfituto Colombiano Agricultura (ICA) by Sarria and Cassalett (1969) . Colombian opaque-2 corn has an excellent content of amino acids (Gallo, Maner and Corzo, 1969) . Colombian floury-2 corn has been produced at ICA by the same procedure. However, the poor performance of rats and pigs fed Colombian floury-2 corn (Maner et al., 1971) suggests an inferior amino acid composition. The purpose of the present work was to determine the sequence of limiting amino acids in Colombian floury-2 corn using weight gain and efficiency of feed and protein utilization of the growing rat as the criteria of response.
Experimental Procedure
Growing, inbred, albino rats from the colony of Departmento de Nutricion, Universidad del Valle, Call, Colombia, were used in two experiments. In experiment 1, 48 males weighing an average of 70 g were used; in experiment 2, 96 rats (48 males and 48 females) weighing an average of 33 g were used. In each experiment rats were kept individually in wire-bottom cages in a well-ventilated room. Water was supplied from glass drinking bottles attached to the side of the cage and feed was supplied acl libitum from feeders equipped with a partial cover to minimize feed wastage. Protein Efficiency Ratio (PER) was calculated for each rat according to N.R.C. (1963) from the weight gain and feed consumption data.
The composition of the basal diet used in both experiments is shown in table 1. Colombian floury-2 corn contained 9.8% protein (N x 6.25). It was supplemented with vitamins and minerals to form the basal diet (9.4% protein). Amino acid additions were made to aliquots of this basal diet. The mixed diets were refrigerated at 4 C until fed. Experiment 1. From the amino acid composition of the Colombian floury-2 corn (Maner et al., 1971) , it was anticipated that lysine and tryptophan and perhaps threonine and isoleucine were the limiting amino acids. The same supplemental levels of these four amino acids that had been used in studies with Colombian opaque-2 corn (Gallo, Manet and Corzo, 1970b) were selected for use in these studies, namely, 0.28% L-lysine (as L-lysine HC1), 0.04% L-tryptophan, 0.08% L-threonnie and 0.06% L-isoleucine (as 0.12% DL-isoleucine, alto-free). Eight amino acid combinations were used as follows: diet 1--unsupplemented basal; 2--lysine (L) ; 3--threonine (Th); 4--tryptophan (T); 5--LTh; 6--LT; 7--LThT; 8--LThT-isoluceine (I).
Experiment 2. From the differences in responses to dietary treatment in experiment 1, it was considered that there were interactions among the amino acids in promoting growth, but the experimental design did not allow definitive interpretation. Therefore, experiment 2 was designed in a 24 factorial arrangement of treatments to include all possible combinations of lysine, threonine, tryptophan and isoleucine supplementation as shown in table 3. ~' Vitamin Diet Fortification Mixture, Nutritional Biochemicals Corp., Cleveland, Ohio. Composition, unlts/kg: vitamin A, 900,000 IU; vitamin D, 100 000 IU a-tocophernl 5.0 g; ascorbie acid, 45.0 g; inositol, 5.0 g; choline chloride, 78.0 g; menadione, 2.25 g; p-amino benzoic acid, 5.0 g; niacin, 4.5 g; riboflavin, 1.0 ~; pyridoxine hydrochloride, 1.0 g; thiamine hydrochloride, 1.0 g; calcium pantothenate, 3.0 g; biotin, 20 rag; folic acid, 90 mg and vitamin Ba~, 1.35 milligrams.
Results and Discussion
The results of experiment 1 are summarized in plementation of the basal diet with lysine alone or with tryptophan alone failed to improve significantly daily gain, daily feed intake or PER compared to the basal diet alone. When both lysine and tryptophan were added, a significant improvement was observed in all criteria (P~.01). This is in agreement with the observation made with common corn (Osborne and Mendel, 1914; Eggert, Brinegar and Anderson, 1953; Gallo and Pond, 1968) that these two amino acids are first limiting in normal corn. It also supports the concept that a sufficient level of the first limiting amino acid must be present to allow a response to the addition of the second limiting amino acid as observed for lysine and threonine in grain sorghum (Pond, Hillier and Benton, 1958) . The addition of threonine alone to the basal diet tended to improve daily gain and daily feed consumption but when threonine was added in the presence of lysine daily gain, daily feed, efficiency of feed utilization and PER tended to be depressed below responses obtained with the basal diet alone, confirming that threonine was not the second limiting amino acid. When threonine was added in the presence of added lysine and tryptophan the responses in all criteria were similar to those obtained with lysine and tryptophan in combination. The addition of the combination, lysine, threonlne, tryptophan and isoleucine (LThTI) to the basal floury-2 corn diet resulted in significantly greater daily gain and daily feed intake than any other amino acid combination. Efficiency of feed utilization and PER were also greater for animals fed LThTI than for those in any other group, although the differences between LThTI, LThT and LT groups were not significant for these two criteria. Therefore, it was apparent that these four amino acids were most limiting for growth of rats fed Colombian floury-2 corn, but the design of experiment 1 did not allow determination of the relative importance of limitations of isoleucine and threonine in floury-2 corn nor did it allow evaluation of other possible interactions among the :four amino acids. Experiment 2 was designed to characterize more completely Colombian floury-2 corn in this regard. As in experiment 1, the addition of single amino acids to the basal diet did not result in a positive response in any of the criteria, except that the mean values for daily gain, feed/gain and PER of rats fed added lysine were greater than those obtained with the basal diet. The largest response above that obtained with the basal was with the combination of lysine and tryptophan (LT), which is in agreement with results obtained in experiment 1. The addition of isoleucine alone or in any combination of other amino acids failed to result in a consistent response, except that when added in the presence of the other three (LThTI) the highest means were obtained for daily gain, daily feed and PER and the lowest for feed/gain. This trend is in agreement with the observation of experiment 1 and suggests that the order of amino acid limitation in Colombian floury-2 corn is either lysine, tryptophan, threonine and isoleucine, or lysine, tryptophan, isoleucine and threonine. As shown in table 4 there was a highly significant effect of lysine (P~.01) on all criteria, a highly significant effect of tryptophan on daily gain and daily feed (P~.01), a significant effect of threonine on daily feed, a significant lysine x tryptophan interaction on daily gain (P~.01) and PER (P~.05) and a significant isoleucine x lysine x threonine interaction on PER (P~.05). The lysine x tryptophan interactions are explained on the basis of a much greater positive effect on daily gain and PER when both were added than when either was added alone. The reason for the isoleucine x lysine x threonine interaction on PER is not readily apparent.
It is indicated from the results of these experiments that the amino acid balance of Colombian floury-2 corn can be greatly improved by the addition of lysine and tryptophan and further improved by the addition of isoleucine and threonine. The inferior performance of growing rats and swine fed Colombian floury-2 corn as compared with Colombian opaque-2 corn (Maner et al., 1971 ) is probably related to the poor amino acid composition of the former, since amino acid supplementation improved weight gain, feed consumption and efficiency of feed and protein utilization.
Summary
One hundred and forty-four albino rats were used in two experiments to determine the amino acid inadequacies of Colombian floury-2 corn for growth, feed consumption, feed utilization and PER.
The addition of 0.28% L-lysine and 0.04% L-tryphtophan to a diet (9.4% protein) composed of Colombian floury-2 corn plus vitamins and minerals significantly improved performance in each experiment. There was a significant ]ysinextryptophan interaction in that the performance in all criteria was greater when both amino acids were added than when either was added alone.
The addition of 0.12 % DL-isoleucine alone or 0.08% DL-threonine alone or the two to-gether resulted in no improvement above the basal unsupplemented diet. When lysine, threonine and tryptophan were added together there was a tendency for an improvement above that obtained with lysine and tryptophan together. When all four amino acids (lysine, tryptophan, threonine and isoleucine) were added, daily gain and daily feed were significantly greater (P~.01) than in all other groups in experiment i and efficiency of feed utilization and PER tended to be higher than in other groups.
It is suggested that the inferior performance reported for growing animals fed Colombian 
